BEST AVAILABLE COPY 

REMARKS 

1. Status of claims 

After entry of the above amendment, claims 1-7 and 10 are pending. 

2. Support for amendment 

The above amendment finds support in the specification at p. 9, line 17 of the clean copy 
of the substitute specification, filed January 15, 2004, and in the state of the art known to the 
skilled artisan as of the priority date of the present specification, indicated by 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract& 
_uids=98 13245, abstract of Magrath et al., Gene. (1998 Nov 5);222(l):69-75; 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids= 
&dopt=Abstract, abstract of Van Rensburg et al., Yeast. (1998 Jan 15);14(l):67-76; 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract& 
_uids=9707436, abstract of Greger et al., EMBO J. (1998 Aug 17);17(16):4771-9; all accessed 
by the undersigned on October 21, 2004, and Baldari et al EMBO Journal, vol. 6, no. 1, pp. 229- 
234 (1987). For the Examiner's convenience, copies of the documents referred to above are 
attached hereto. No new matter has been added by this amendment. 

3. Claim objections 

The Examiner objected to claim 2 for containing the undefined abbreviation ARS, and to 
claim 7 for containing the undefined abbreviations ADH1, GAL, and CYC1 . Claim 2 now 
recites a definition for the abbreviation ARS, and claim 7 recites definitions for the abbreviations 
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ADH1, GAL, and CYC1 . In light of the above amendment, Applicants submit the basis for this 
objection to claims 2 and 7 has been removed. 

4. Claim rejections under 35 U.S.C. §112 

The Examiner rejected claim 10 under 35 U.S.C. §1 12, second paragraph, as being 
indefinite. Specifically, the Examiner found the phrase "and/or nucleic acids" to be unclear on 
the grounds that a recitation of transformation in the absence of nucleic acids is unclear. 

In light of the above amendment, Applicants point to the use of one or more nucleic acids 
as a carrier in a transformation process, discussed at p. 9, line 17 of the specification. Applicants 
submit claim 10, as amended, is clear, and request this rejection be withdrawn. 

The Examiner also rejected claims 1-7 under 35 U.S.C. §112, first paragraph, as 
containing new matter, specifically, the recitation of "recovering the protein" in claim 1 . 

The specification discusses the "recovery" of gene products, i.e., proteins, at p. 2, lines 
13-15 and p. 8, lines 4-7 and 12-15. The specification reports the collection of a P-galactosidase 
fraction and its assay at p. 13, lines 13-21. The specification discusses the production of gene 
products throughout, such as the Background of the Invention section, in which various uses of 
gene products are reported. It is clear to the skilled artisan that "production" in this context 
includes the recovery of gene products. Therefore, Applicants submit claim 1 does not contain 
new matter, and request this rejection be withdrawn. 
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J. Claim rejections under 35 U.S.C. §102 

The Examiner rejected claims 1, 5, and 10 under 35 U.S.C. §102(e) as being anticipated 
by Gilbert et al., U.S. 2002/0034805 ("Gilbert"). Applicants respectfully traverse this rejection 
for the reasons set forth below. 

Attached hereto is a Declaration under 37 CFR 1.131 of Danilo Porro, an inventor of the 
present application (the "Porro Declaration"). As the Porro Declaration makes clear, the 
invention as presently claimed was reduced to practice between January 1, 1996 and September 
1 1, 1998. Gilbert was filed on December 14, 1998. Therefore, the present invention was made 
before the effective date of Gilbert, and Applicants submit this rejection of claims 1, 5, and 10 
should be withdrawn. 

The Examiner also rejected claims 1 and 5 under 35 U.S.C. § 102(b) as being anticipated 
by Sjoberg, US 6,500,661, ("Sjoberg"). Applicants traverse this rejection in light of the claimed 
priority of the present application. 

Sjoberg issued on December 31, 2002, based on an application filed January 14, 1999. 
Applicants point to their priority claim to prior copending application 10/130,061, filed May 15, 
2002, which was a national phase entry of PCT/EP00/00268, filed January 14, 2000, which 
claimed priority from Italian application MI99A000065, filed January 15, 1999. Applicants' 
earliest priority date, January 15, 1999, predates the date of issuance of Sjoberg, and thus they 
submit Sjoberg cannot be prior art under 35 U.S.C. § 102(b) and this rejection should be 
withdrawn. 

If the Examiner is minded to reject any of the present claims under Sjoberg under a 
different paragraph of 35 U.S.C. §102, Applicants wish to direct her attention to the Porro 
Declaration, discussed above. The invention as presently claimed was reduced to practice 
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between January 1, 1996 and September 11, 1998, prior to the filing date of Sjoberg, January 14, 
1999. 



6. Conclusion 

Applicants submit all pending claims 1-7 and 10 are in condition for allowance. The 

Examiner is invited to contact the undersigned patent agent at (713) 934-4065 with any 

questions, comments or suggestions relating to the referenced patent application. 

Respectfully submitted, 

WILLIAMS, MORGAN & AMERSON, P.C. 
CUSTOMER NO. 23720 



December 2 1 , 2004 //* _ 

ftaymund F. 
Reg. No. 42,508 
10333 Richmond, Suite 1100 
Houston, Texas 77042 
(713) 934-4065 
(713) 934-7011 (fax) 

AGENT FOR APPLICANTS 
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Related Articfc 



FUtL TEXT ARTICLE 



Overlapping 3'-end formation signals and ARS elements: tightlj 
linked but functionally separable. 

Magrath C, Lund K, Miller CA, Hyman LE. 

Tulane University, Interdisciplinary Program in Molecular and Cell Biology, 
Orleans, LA, USA. 

3'-End formation signals are closely associated with autonomous replicating 
sequences (ARSs) in Saccharomyces cerevisiae in that ARSs frequently cont 
signals that direct 3'-end formation (Chen et al., 1996). Mutationally-inactiva 
ARSs that co-reside with 3 f -end formation sequences do not disrupt 3 -end 
formation, thus demonstrating that replication function does not affect termir 
function. To test the corollary possibility that 3'-end formation is important f< 
replication function, we made point mutations in ARS305 that increase readt 
of the 3 f -end formation signals and determined plasmid replication efficiency 
Replication efficiency, as assessed by plasmid stability assays, was not altere 
mutations affecting 3-end formation when transcription through the ARS wa 
either absent or highly-induced. Under conditions of high-level transcription 
through the ARS, the rate of plasmid loss in both wild-type and mutated 
terminators increased over five-fold from rates observed during transcription 
repressed conditions. This result indicates that the native 3 '-end formation sig 
incapable of protecting the replication function when high levels of transcripi 
are directed into the ARS. Thus, the compact nature of the S. cerevisiae geno 
rather than a functional inter-dependence, may account for close association « 
transcription terminators and ARSs. 
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Related Article 



Engineering yeast for efficient cellulose degradation. 
Van Rensburg P, Van Zyl WH, Pretorius IS. 

Institute for Wine Biotechnology, University of Stellenbosch, South Africa. 

Saccharomyces cerevisiae produces several beta-l,3-glucanases, but lacks th« 
multicomponent cellulase complexes that hydrolyse the beta-l,4-linked glucc 
polymers present in cellulose-rich biomass as well as in haze-forming glucan 
certain wines and beers. We have introduced into S. cerevisiae a functional 
cellulase complex for efficient cellulose degradation by cloning the Endomyc 
fibuliger cellobiase (BGL1) gene and co-expressing it with the Butyrivibrio 
fibrisolvens endo-beta-l,4-glucanase (END1), the Phanerochaete chrysospor 
cellobiohydrolase (CBH1) and the Ruminococcus flavefacies cellodextrinase 
(CEL1) gene constructs in this yeast. The END1, CBH1 and CEL1 genes we 
inserted into yeast expression/secretion cassettes. Expression of END1, CBH 
CEL1 was directed by the promoter sequences derived from the alcohol 
dehydrogenase II (ADH2), the phosphoglycerate kinase I (PKG1) and the ale 
dehydrogenase I (ADH1) genes, respectively. In contrast, BGL1 was express 
under the control of its native promoter. Secretion of Endlp and Cellp was d 
by the signal sequence of the yeast mating pheromone alpha- factor (MF alph 
whereas Cbhlp and Bgllp were secreted using their authentic leader peptide; 
construction of a furl ura3 S. cerevisiae strain allowed for the autoselection ( 
multicopy URA3 -based plasmid in rich medium. S. cerevisiae transformants 
secreting biologically active endo-beta-l,4-glucanase, cellobiohydrolase, 
cellodextrinase and cellobiase were able to degrade various substrates includ 
carboxymethylcellulose, hydroxyethylcellulose, laminarin, barley glucan, 
cellobiose, polypectate, birchwood xylan and methyl-beta-D-glucopyranosid 
study could lead to the development of industrial strains of S. cerevisiae cape 
converting cellulose in a one-step process into commercially important 
commodities. 
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Related Article 



Poly(A) signals control both transcriptional termination and 
initiation between the tandem GAL10 and GAL7 genes of 
Saccharomyces cerevisiae. 

Greger IH, Proudfoot NJ. 

Sir William Dunn School of Pathology, University of Oxford, South Parks R 
Oxford 0X1 3RE, UK. 

We have investigated transcriptional interactions between the GAL 10 and Gi 
genes of Saccharomyces cerevisiae. Both genes are part of the galactose (GA 
gene cluster which is transcriptionally activated to high levels in the presence 
galactose. Since GAL7 is positioned downstream of GAL 10 and both genes i 
expressed co-ordinately at high levels, the possibility that GAL 10 transcriptii 
influences GAL7 was analysed. Using transcriptional run-on assays, we shov 
high levels of polymerase are found in the 600 bp GAL 10-7 intergenic regioi 
accumulate over the GAL7 promoter. Furthermore, GAL7 transcription is 
enhanced when the GAL 10 upstream activating sequence (UASG) is deleted 
indicating that interference between GAL 10 and GAL7 is likely to occur in tl 
chromosomal locus. Deletions in the GAL 10 poly(A) signal result in comple 
inactivation of the GAL7 promoter and cause a dramatic increase in bi-cistro 
GAL 10-7 mRNA, predominantly utilizing the downstream, GAL7 poly (A) s: 
These data demonstrate a pivotal role for the GAL 10 poly (A) site in allowing 
simultaneous expression of GAL 10 and GAL7. In effect, this RNA processir 
signal has a direct influence on both transcriptional termination and initiation 

PMID: 9707436 [PubMed - indexed for MEDLINE] 
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A novel leader peptide which allows efficient secretion of a 
fragment of human interleukin 1/? in Saccharomyces cerevisiae 



CBaldarl', J.A.H.Murray*, P.Ghiara, G.Cesareni 7 and 
CX.GaJeotti 

ScUvo Research Centre/ Via Fiomuina I, 53100 Siem, Inly, and 
2 European Molecular Biology Laboratory. Pwtfach 102209. 6900 
Heidelberg, FRG 

<Od leave of absence from -the Dipartimento di Genetic* e Biolpgw 
MolecoUrt. Universita di Roma. La Sapiaua, ttaiy 

Communicated by M.L.MeHi 

Killer strains of Kluyveromytes iactis secrete a toxin which 
presumably 1$ processed during secretion from a larger pre- 
cursor. Analysis of the sequence of the K. Iactis killer toxin 
gene predicts that the first 16 amino acids at the amino ter- 
minus of the protein should represent its leader peptide. We 
have tested the capability of this leader peptide to direct secre- 
tion of a protein fused to it by inserting a synthetic oligo- 
nucleotide identical to the sequence of the putative leader 
peptide into a yeast expression vector. Subsequently, the 
cDNA coding for the secreted active portion of the human 
interleukin 10 (DL-10) was fused to the leader peptide se- 
quence of the kffler toxin. This construction in Saccharomyces 
cerevisiae is capable of directing synthesis and secretion of 
correctly processed IL-10 into the culture medium* 
Key words: expression vector/signal peptide/kuler toxin/yeast/ 
interleukin 10 



Introduction 

The leader peptide sequences of the oc mating pheromone (or- 
factor) and the killer toxin of Saccharomyces cerevisiae have been 
extensively used in recent years to construct vectors for secre- 
uoti of homologous and heterologous gene products in yeast. The 
efficiency of secretion directed by such vectors varies con- 
siderably, ranging from complete secretion as in the case of EGF 
(Brake et at. , 1984) to only partial secretion of the synthesized 
protein as m the case of human IFN-al (Singh et al , 1984) or 
murine JDL-2 (Miyajima et at. , 1985). Both the a -factor and the 
killer toxin of 5. cerevisiae have a long leader peptide which re- 
quires special processing and is quite different from the typical 
leader peptides of multicellular organisms (Julius et ai, 1984; 
Tipper and Bostian, 1984). 

Studies on the yeast Kluyveromyces locus have shown that killer 
strains of this species secrete a toxin that is structurally and func- 
tionally different from the £ cerexisiae killer toxin (Sugisaki et 
al, 1983). The K. Iactis killer toxin is composed of two subunits 
and is released into the culture medium as a glycoprotein (Sugisaki 
et al ; 1984). The presumptive leader peptide deduced from the 
nucleotide sequence of the K. Iactis toxin gene (Stark et al. , 1984) 
should be only 16 amino acids long with a structure similar to 
that of both prokaryotic and eukaryouc leader peptides (Perlman 
and Halvorson, 1983). It seemed interesting to see whether this 
sequence, placed in front of a heterologous cDNA in a yeast 
expression vector* could direct efficient secretion of the protein 
mm the culture: medium; For this purpose, we have constructed 



a yeast vector containing art inducible hybrid promoter upstream 
of the putative K. Iactis toxin leader peptide sequence, as well 
as elements for selection and episomal replication in £ cerevisiae. 

The cDNA coding for the portion o! human interleukin 10 cor- 
responding to its secreted active form (Vlarch et <ai» 1985), minus 
the first four ^terminal amino acids, was fused in frame to the 
leader peptide sequence of the kOler toxin. This construction in 
£ cerevisiae is capable of directing syi thesis and complete secre- 
tion of correcdy processed and aclive interleukin \0 (JL-)£) in- 
to the culture medium. 

Results 

Construction of YEpsecl 

The secretion vector YEpsecl was derived from the yeast ex- 
pression vector pEMBLyex2^as ilhistrated in Figure 1A,B. 
pEMBLyex2 contains two blocks of ; >east elements in addition 
to bacteria] sequences necessary for sdection and replication of 
the plasmid in Escherichia coU. The first* which determines 
episomal replication and copy nurobej , is derived from plasmid 
pJBD219 (Beggs, 1978) It comprises a 3220-bp AWf I - ShJ frag- 
ment spaiining the lcu2-d, 2pm SIB and ORf portions of 
pJBp2l9. This fragment also includes a small part of t he 3' end 
of the FLP gene of the j-gm jdasmid^ f^ch provides transcript 
tfoo termination and ^yad^latjopl don- 
ciCS=^ac=^s^Iinker, — 205 bp dowrsEeam of dW-puiylmkeT 
HindJIL si te (Sutton and Broach, 1**5). The second is the 
HMII1 -BamrU fragment from plasmid G2 (Guarente. 1983) 
mat carries the URA3 gene and signal- which induce transcrip- 
tion into the polylinker during growth on galactose as a carbon 
source. These transcription signals derive from a hybrid promoter 
of a fusion between the GAL 'upstream activation sequence' 
(UASq) and the 5' raxHianslated leade- of the yeast CYC) gene, 
up to position -4 from the ATG tra?islation initiation codon. 
Translation starts at the first ATG of 2 fragment inserted in the 
polylinker. 

The last step of the construction was o insert a synthetic oligo- 
nucleotide between the Sstl and Kpnl sites of pEMBLyex2 to 
give YEpsecl. 

The synthetic oligonucleotide,shown in Figure IB, corresponds 
to the putative leader peptide sequence of the K. Utctis killer toxin 
gene (Stark et al, 1984), and « comprises the sequence coding 
for the aminoterminal 16 amino acids of the killer toxin from 
the initiator methionine to the presumptive signal peptidase 
cleavage site Val-GIn-Gly . Thus, the victor YEpsecl has an ele- 
ment for directing secretion, position- xl between an inducible 
hybrid promoter (GAL -CYC) and tlie transcription termina- 
tion signals (3' end of FLP)~ 

The ability of YEpsecl to direct expression and secretion of 
heterologous &ene products was tested This was done by clon- 
ing a cDNA coding for amino acids 1M 269 of human IL-1£ 
(Auron et al. 1984) into the BamrXk site situated immediately 
downstream of the killer toxin leader peptide sequence of 
YEpsecl . The n^mre secreted fom *if human ILrlfi consists 
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of amino acfds U7 ^ 269 of the precursor molecule (March et 
ai, 1985), therefore the cDNA cloned in Yepsec! codes for a 
fragment of [L- 10 which represents the complete active form of 
the molecule except for the absence of the first four ^terminal 
amino acids. It should also be noted that the junction between 
the toxin leader peptide and the 5' end of the IL-10 sequence 
(Figure IB) is formed by three amino acids (Thr-Arg-Gly) 
specified by the polylinker sequences preceding the BamHl cloo- 
uig site. The resulting piasmid, YEpsect-hll, should therefore 
direct the synthesis and secretion of a human IL-10 containing 
three additional amino acids at the amino terminus, unless the 
sequence Thr-Arg-Gly, which is itself a plausible signal sequence 
for leader peptide cleavage (von Weijne, 1983), was recognized 
as an endopeptidase cleavage site. 4 

Expression 

C^^i StabiIity cop y nu»*er. The S. cerevisuxe strain 
SI502B was transformed with YEpsecl and YEpsecl hi! to pro- 
duce the transformants Tsecl and Thll, respectively. Since strain 
SI502B is cir+ t there is the possibility of recombination bet- 
ween the 2**m sequences present on YEpsecl or YEpsecl -hi 1 
and the endogenous 2 ^un piasmid or of a loss of the recombi- 
nant piasmid, when transformants are.grown in the absence of 
selection (Erhan and Hollenberg. 1983). The stability of the 
URA* phenocype jji the Tsecl <u*3 thll U^formants was 
analysed by growing Tsecl and Thll cells in non-selective 
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medium for 20 generations and by plating of the same number 
of cells onto selective and non-selective media. The same number 
of colonies arose on both media, $ugj*esting a stable phcnoCype. 

A more quantitative analysis of uV stability of the piasmid is 
shown in Figure 2A. Total yeast DNA prepared from strain 
AH22 grown in complete medium fla/e b) and from a Thll traos- 
formant grown in synthetic medium lacking uracil (lane c) or 
in complete medium (lane d) was el^ctrophoresed, transferred 
onto nitrocellulose fUtcr and hybridized to labelled YEpsecl -hi 1 
DNA. In yeast transformants grown without selective pressure 
the YEpsecl -hi 1 piasmid » stably maintained in an episomal state 
(lane d). The copy number of YEpiecI-hll is at least 2-fold 
greater than that of the 2->tm piasmid in the same transformant 
(lanes c and d). Furthermore, compaiison between the intensity 
of hybridization of the 2 nm bands in AH22 DNA and that of 
the YEpsecl -hi 1 bands in Thll DNA suggests that the 
YEpsecl nil piasmid is present in high copy number (lanes b 
and d). This unusual phenorype is considered further in the 
Discussion. Figure 2B shows a gel el xtrophoresis of the same 
DN As digested with the restriction enzymes Psft and Hpol that 
have unique sites within the vector and the 2-/im piasmid DNAs 
Trie hybridization of ^labelled YEpsi*14d 1 DNA to total DNA 
from AH22 (lane b) and Thll cells (lajies c and d) digested with 
the /Tsrl restriction enzyme, shows a m* jor band emigrating with 
that of the linearized YEpsecl -hll piasmid DNA (lane a) A 
similar result is obtained after digestion of the DNAs with the 
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R*. 2. Plasmid ability and copy number in yas wnsfonwi with 
YEpsecl-hU EquaJ amounts (5 *g) of total DNA from AH22 and 
transforms/* Thll were resolved on an agarose gel, transferred to 
r^wUulose and hybridized to "P-Ubcikd YEpsec-hll DNA. ^ A 
Purified DNA of plasmid YEpsecl-hll <»). Total yea* DNA. from AKZZ 
(b> from ThJI arown in synthetic medium lacking uracil (c): or m compete 
turned) Panel B Purified DNA of plaamJd J^lhJ! *fc^ 
Psd (•) or /tool (£) Total yeast DNA: from AH22 digested wnh Pi/J <W. 
h^TOl,^^m synthetic medium lacking uracil, digged wtth Jtel fr) 
or (el; from TWi. grown in complete medium, digested with P*rt CO> 
or //pal (f> 

//pal restriction enzyme (lanes c, f and g). The fainter, fast 
migrating band of lanes b - f represent the plasmid DNA 
present in all strains (compare lanes c-f with b). The slowly 
migrating bands present in lanes c. d and f are faint and most 
likely due to the anticipated recombination between YEpsecl-hll 
and the 2-jun plasmid by the J^LP-mediated recombination system 
(Broach el a/., 1982). This result suggests that no major rear- 
rangements of the YEpsecl-hJJ plasmid has occurred in the trans- 
form an ts. 

Transcription oflL-W sequences in YEpsecl-hlL The transcrip- 
tion of the IL-10 cDNA sequences in iransformant Thll cells 
was analysed by hybridization of total RNA extracted from Thll 
cells grown in media containing ethanol or galactose as a carbon 
source (Figure 3) to* the pure ^labelled IL-10 cDNA recom- 
binant fragment- A transcript of - 1 kb could be detected only 
in the RNA prepared from Thll cells grown in galactose medium 
(Figure J, Une b). This result shows that the IL-10 sequences 
present in YEpsecl-hll are transcribed under the control of the 
inducWe hybrid prorm^^ 
presumably at the FLP gene terminator 
Protein expression and secretion. The synthesis and secretion 
of IL-10 in ThU cells were assayed by SDS-polyacrylamidc 
gel elecuophoresis.of whole cell extracts and of supematants ob- 
tained after growth of Thll cells in galactose medium. As a con- 



Kig 3- Transcription of the D-l£ sequence in ye«si. An ^or^iograph of a 
Northern Wot of total RNA from traniformant Thll grown »^«rnpte 
^tnTsSlemented with 2* ethanol C) % ^ 
The filter was hybridized with an D-10-specinc ,,robe. Tojhe«dc the 
relative mobUities of «* rRNAs are indicate*! in nucleotides. 

troL the same analysis was extended tol Wl cell cultures grown 
in ethanol medium and to Tsecl culture* grown in medium con- 
taining either carbon source. The results are showr^Figurr 
4A Coomassie Blue-stained protein profiles of cell extracts from 
Thll cells (lanes a and b) do not diflei from those of ecu ex- 
tracts from Tsec cells (lanes candf)- Upon galactose induction 
of the GAL-CYC promoter, a new proa in appears in the super- 
natant of Thll (lane c). This protein his an appanwt mol. wt 
of 22 fad. By comparison of Coomassie J Hue-stained proton pro- 
files with calibrated standards, the amouj it of secreted 22-kd pro- 
tein is 1 ^2 mg per litre of culture grovu in complete galactose 
medium to stationary phase Moreover, an immunoblotung 
analysis of the 22-kd protein in the suF^matant and m the ceu 
extract from ThI 1 cells grown under these conditions has shown 
complete secretion of this protein into the culture medium (Figure 

Assuming that the protein secreted by Thll is the recombi- 
nant IM0 its moL wt should be - 1 7 and not 22 kd (Auron rj 
al 1984). Since the IL-1/3 sequent* contains a potential 
glycosylate site (Asn-Cys-Thr) at the V terminus (Figure IB), 
the discrepancy in moL wt might be die to the presence of N- 
linked oligosaccharides. Digestion of tie secreted protein wuh 
endoglycosidase H shows the disappearance of the 22-kd pro- 
tein £nd and the appearance of a new brad of - 17 kd (Figure 
5) The additional faint band (Figure 5, laneb) arger rjuui 17 kd 
is possibly due to contamination of thr endoglycosidase H en- 
zyme by a mannosidase that would releise intermediate products 
of digestion. This result was confirmed by inhibiting glycosyla- 
te in vivo with lunicamycin. Supematants from cultures of Thll 
orown in galactose medium containing tunicamycin at concen- 
frations of the drug >0.5 M g>rnl yicltl only the 17-kd protein 
(data not shown). 

The 22-kd glycoprotein is recombinant human JLrl 
Amino acid sequence of the secreted f rotein. The sequence of 
nine amino acid residues at the N-terroinus of the putative IL-1/5 
has been determined. The sequence (Se -Leu-X-X-Thr-Uu-Arg- 
Asp-Ser) is in agreement with that specified by the 5* end of the 
IL-10 cDNA (Auron et aL, 19S4; March el ai. 1985) cloned 
in YEpsecl (Figure 1 B). No additional amino acids encoded by 
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Fig. 6. Biological activity of recombinant IL-10. The graph shows Uk 
stimulation of mouse thymocyte proliferation by gel filtration fractions of ihe 
supernaiani from a culture of ThJt grown in galactose medium. Abscissa: 
elution volume (ml) from ihc Sephacryl-5200 column. Ordinate: 
incorporation of I'MJlhymidtne by mouse thymocyte*. Background 
incorporation stimulated by phyiohemaggluiinin (PKA) akme is shown 
(dotted area). MoT wx standards are indicated by the arrows. Each point U 
the mean of triplicate determinations with SEM < 10%. 

recognition sites for restriction endonucleases (Sstl, Sma\> M, 
JSomHI, Sail, Psth HindTK) arc provided by the polylinker se- 
quence in pEMBLyex2 to allow insertion of genes downstream 
of the hybrid promoter GAL— CYC and upstream of a yeast 
transcription terminator. Both these dements are required for ef- 
ficient expression in yeast (Hitzeman et al , 1983). Moreover, 
in YEpsecl a synthetic sequence was introduced downstream of 
the Ssfl site which reproduces the hypothetical leader peptide se- 
quence of the killer toxin K. lactis. This toxin is encoded by the 
ORF2 of the K. lactis Kl (or pGKH) killer piasmid (Stark et 
al , 1984). The AMerrninal region of the toxin deduced from its 
nucleotide sequence is composed of a hydrophylic carboxyter- 
minaJ end followed by a hydrophobic core and (he plausible endo 
peptidase cleavage signal VaJ-Gln-Gly (Perbnan and Halvorson, 
19S3). Although we have not proved that this sequence represents 
the leader peptide of the killer toxin, we have shown that it is 
effective in directing the secretion of a heterologous mammalian 
protein. The absence of the recombinant EL- 1 0 in the whole cell 
extract of the transformed yeast cultures shows that the majority 
of the protein is secreted and that the YEpsecl piasmid is an ef- 
ficient secretion vector for the production of a foreign protein. 

An additional feature of pEMBLyex2 and YEpsecl is the 
presence of both URA3 and leu2-d as yeast auxotrophic select- 
able markers. Leu2-d was originally isolated on pJBD219 (Beggs, 
1978) and is a poorly expressed allele of LEV2 which appears 
to increase the stability and copy number of 2-u.m piasmid 
derivatives under non-selective conditions (Futcher and Cox, 
1984). Under leucine deprivation, copy number of !eu2-d 
plasmids rises sufficiently high to cure the endogenous 2 
piasmid (Erhait and Hollenberg, 1983). However U>u2-J is a poor 
selectable marker for Li* -mediated transformation (data not 
shown) so URA3 was also included. 

Indeed the YEpsecl piasmid, which relies for its maintenance 
in yeast on the 2-fart origin of replication derived from pJBD219, 
was found to be highly stable when introduced into a 5. cerevisiae 
strain carrying the natural 2-/im piasmid. The copy number of 
the piasmid appeared to be equally high in yeast iransformams 
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grown under selective (uracil) or non-sclcctivc conditions. Thus, 
the OR!- STB c«r-aciing sequences (Kilachi, 1983) present in 
YEpsecl arc sufficient for stable propagation ai high copy number 
of the piasmid even in the absence of selection, provided that 
the functions for replication and stability are supplied in trans 
by the endogenous 2 -u,n\ piasmid. 
As shown by the amino acid sequence analysis of secreted 
the site of cleavage of the hybrid protein occurs at the 
junction between the poly] inker sequence ajid the first amino acid 
specified by the 1L-10 cDNA sequence, vhich is three amino 
acids downstream of the presumptive clea /age site of the killer 
toxin. According to the set of rules formulated by von Heijne 
(1983) the presence of residues Thr and Gly at positions -3 and 
-4, respectively, in a cleavage signal sequence results in a higher 
'processing probability' of the site as compared with the presence 
of the Val and Phe residues at the same p ositions. Our results 
confirm von Heijne's predictions, and sho»v that the addition of 
the poly linker sequence produces a new and efficient endopep- 
tidase cleavage site in S. cerevisiae. 

Materials and methods 

Strains and medio 

The following S. certvisio* strains were used: SI 50-21 <Jru2-3 Uu2-I/2 uru3 52 
irpJ*2&his3*a>, ci>+) and AH22 (Uu2 -$ Lru2-U2 Ht4 5?9 cant err*). Strain 
S150-2B was transformed by the liCI method (Rothstein. 1985). Yeast ceils were 
grown in synthetic medium containing 2% carbon sourer and 0.67% yeast nitrogen 
base (Difco) supplemented with the required amino acids (50 pg/m)) or in com- 
plete medium containing 256 carbon source, J % yeast extract, 2% peptone. 

Tbe£ coti strain 7 J -]g (far pro- supE du*/F'-la<r' lacZA MI3proS+A*) 
or HB10t (F- hsdS20 rccAI3 ara~)4 proJQ lacYl t*UQ rpsUOxyt-S med-t 
supE44) wens used as recipient cells for piasmid cons: ructions. Transforation 
of £ coli cells and analysis of recombinant plasmids v as carried out as describ- 
ed by Martians ei ai. (1982). 

Piasmid construction 

The steps followed for constructing p£MBLyea2 an outlined in Figure 1A. 
rlasrofcf YEpsecl wa?c*uirie^ 

(Figure IB) between the SsA and KpnX restriction sites oi Che p£MBLyex2 piasmid 
pofy linker. The oligonucleotide was synthesized on an Apptiod Biosystcno 380A 
DNA synthesizer- TV correct insertion and sequence c r the oligonucleotide into 
piasmid YEpsecl was verified by the dideoxy methoc as described by Sanger 
0 ai (1977). 

Piasmid YEpsecl -hi I was constructed by inserting L no the BamHl site of the 
YEpsecl vector a Saul A fragment containing a 600-bj -long segment of human 
IL-10 cDNA (G.Bensi, unpublished data). 
Nucttic acids purification and analysis 

Total yeast DNA was isolated as described by Davis er ai. (1980). After diges- 
tion with restriction endonucleases, the DNA was fra rtiooated on 1 % agarose 
gel and transferred to nitrocellulose filter (Southern. 197*) The filter was hybridiz- 
ed to YEpsecl-hJl DNA labelled by nick translator. Total yeast UNA was 
prepared as described by Rubin (1975) and purified frxn piasmid DNA by in- 
cubation with 60 ng/ml DNasc I in 10 mM CaOj. 1 : c DNase buffer (20 mM 
Tris-HC pH 7.4. 10 mM MgCIJ in the presence o r 30 |fg/ml proteinase K. 
After fra^jonation on ■ formaldehyde agarose gel, the RNA was transferred to 
nitrocellulose filter (Maniatis eta!. , 19S2) and probed vith the tL -10 DNA frag- 
ment used for cloning. Prior lo labelling, this DNA f ag merit was purified on 
a low melting point agarose gel (Miles) as described ry Crous* et at. (1983). 
/ Protein purification and analysis 

A Whole-cell extracts were prepared from yeast cultures by vortexing cell pellets 
with glass beads for 2 min in the cold. After disruption, he cell suspensions were 
clarified by cenoifugation at 10 000 f.p.m. for 15 min and diluted in sample 
buffer to 2* SDS. 10% glycerol, 5% mercaptoethartc I, 62.5 mM Tris - HO, 
pH 6 8 

Culture supcrnatants were filtered through Millipore (liters (0.45 um) before 
undergoing protein analysis. Proteins were precipitated from supernatant* in the 
presence of 100 ^g/ml o(BSA with 10* TCA. Samples *vere incubated «i -20°C 
for 20 min, cenlrifugctf for 10 min in an Eppendorf mcrofuge and the protein 
pellet resuspended in SDS sample buffer. Proteins were tnajysed by SDS — poly- 
acrylamide gel electrophoresis as described by LaemrUi (1970), 
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• J^HJ""^ " 5 Jf l V eclcd «° SDS - polyncrylamidc gel electrophones wet* 
«n^fcr™d .o nnroceUutae as dc^nbed by TowNncai (1979). TT^tr^-BuIoZ 
membrane «,»» .ncubated for 2 h in . buffer containing PBS, 3% BSA and 0 I % 

■ fwl ^"r™" 1 : raised in n*» against the 22-kd pro,, ,n (, gift 

iTdelS' - Tk "?? " ' ' ^"'^ » «* tame buffer. The Wo. 

,A k. r l l 0 r v , rad,5h P<«»idase conjugal* II 1000 dilution. Cappel) 
usmg 4-chloro-lnaphthol and H,0, as substra.es. 

wim^mtT^^'"? d t!™ i ' u " i0fl - «>* PrWein was alkylated by treatment 

elufJ^L"^ u «^ ">f»^vc^ etarophores^ electro- 

eod^^^^"^'"" " * (,983) ' « V-terminaJ 

end was obtained by the Edman degradation method using a gas-phase protein 
•equencerfltewickwa/., 1981,. 8 pnase protein 

Thymocyte prvltftnuion assay 

The supernatant was concentrated lafold by ultrafiltration -nd applied 

rW-ZLJ//" *I*««S**»> column equilibrated with 0. 15 M NaCK The 
l*** n " £ 1 "J'™" and 0.5 ml fractions were collected and assayed for n_-i 
?! ^L"*!?* thym0CyU H**"*" as described by Oery er a/. 
"T* 0 *"?Jt thymocytes from 4- to 8-weeH*, C3H/HcJ mice (6 X I0» 
rf^Ti* ^ CoStW) Were "P 0 ^ to 72 h » . 1/4 dilution 

rP^T^,^!^ 0 ^ ™ ** P^ 5606 * rf ' * Purified phytohemagglutwin 

tsZ^t^T Hy w° nC ' ?"* SySUms) ' 50 »^ gentamyejn sulpha,, 

if*™*-" ■** H <*» 2 nM L-glutamine and 1.25 X 10"' M 2-mer- 

c-fWethiuxil. Ctaltun» were then pulsed with I *Ci/wcU ['HJdThd for 16- 18 h 
nvvesaed on gLus fiber filters and assayed for incorporation of radioactivity by" 
J^~j CWaDaa °" Spcctromeo > Proliferation was mcawred as c.p.m * SEM 
T^^.r^T *" d J^ rexscd - rtmutotioo index, i.e. the ratio between 
experimental (P HA + fraction) and control (PHA only) group* 
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